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The neutralization of shellfish poison by 11 chemical disin-
fectants was studied. Both sodium hypochlorite and calcium
hypochlorite were effective in neutralizing the toxicity of
the poison at 3 ppm/pg of poison at room temperature (25 C) and
at 4 pp/g/g of poison at 4 C. Alkali in the hypLchlorite
solutions tends to onhanep thp ,ffept•-vonese of these

disinfectant s.

Potassium permanganate was effective as a poison neutralizer
at 50 ppm/gg of poison at 25 C.

Sodium hydroxide, ethylene oxide, beta-prop.olacrane, Lysol,
formaldehyde, iodine, peracetic acid, and Roccal were not as
effective as the hypochlorites and the permanganate.



3

CONTENTSI

Acknowledgments ......................... 2
Abstra-t . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

I. INTRODUCTION . .... .................... 5

II. MATERIALS AND METHODS ...................... 5
A. Teat Chemicals ................... ....................... 5
B. Shellfish Poison ................... ...................... 5
C. Experimental Procedures .............. ................... 6

III. EXPERIMENTS WITH TEST CHEMICALS ............ . ............... 6
A. Sodium Hydroxide ....... ................ . . . ........ 6
B. Sodium Hypochlorite ................ ..... ............... 8
C. Calcium Hypochlorite ..... .............. . . . ..........
D. Iodine, Formaldehyde, Beta-Propiolactone, Roccal, Lysol, and

Peracetic Acid ............. ....................... .. 14
E. Potassium Permanganate ........... ................... .. 20
F. Ethylene Oxide ............. ....................... .. 22
G. Comparative Effect of Test Chemicals .... ............ ... 23

IV. DISCUSSION ....................... ........................... 24

Literature Cited ............... ......................... 27
Distribution List ............ ....................... .... 29
DD Form 1473 ................. .......................... .. 31

I&ADLES

1. Effect of 1'iOH on Shellfish Poison ........... ............... 7
2. Effect of NaGCI on Shellfish Poison ............ ............... 10
3, Inactivation of Shellfish Poison with NaOCl; Ratio of NaOCI to

Shellfish Poison 1:1 (v/v); Contact Time, 15 Minutes ...... .. 11
4. Inactivation of Shellfish Poison with NaOCI; Ratio of NaOC1 to

Shellfish Poison 1:1 (v/v); Contact Time, 15 Minutes ...... .. 12
5. Inactivation of Shellfish Poison with NaOC1 at 4 C ........ 13
6. Inactivation of Shellfish Poison wich NaOCl in Alkaline Solution;

Ratio ot NaOCI to Shellfish Poison, 9:1 (v/v) .... .......... ... 15
7. Inactivrtion of Shellfish Poison with Ca(OCI) 2 ; Ratio of

Ca(OCl) 2 to Shellfish Poison, 9:1 (v/v) ..... ............. .. .16
8. Inactivation of Shellfish Poison with Ca(OCI)2; Ratio of

"" Ca(OCl) 2 to Shellfish Poison, 1:1 (v/v) .... ............ .. 16
9. Inactivation of Shellfish Poison with Ca(OC1)2 in Alkaline

IL Solutions; Ratio of Shellfish Poison to CI(OC1)2, 9:1 (v/v) . . . 17



4

10. Comparison of Efficacy of NaOCI and C&(OC1)2 on Shellfish Poison;
Ratio of Disinfectants to Shellfish Poison, 9:1 (v/v); Contact
Time. 15 Minutes . . . . . . . . . . . . . . . . . . . . . . . . 16

11. Comparison of Efficacy of NaOCl and Ca(OCI)1 on Shellflnh pnCionn*

Ratio of Disinfectants to Shellfish Poison, 1:1 (v/v); Contact
Time, 15 Minutes . . . . . . . . . . . I. . . . . . . . . . . . 19

12. Effect of 12, HCIO. BPL, Roccal, Lysol, and Peracetic Acid on
Shellfish Poison ............... ........................ .. 21

13. Tnactivation of Shellfish Poison with KI•IO 4 ; Ratio of KILO 4 to
Shellfish Poison 9:1; Contact Time, 15 Minutes .. ......... .. 22

14. Comparativc.-Pat - w..t .mical1 oan Shellfish Poison; Ratio
of Ch.mical to Poison, 9:1 (v/v) . . . ............ 23



5

I. INTRODUCTION*

Paralytic shellfish poison has long been known to be toxic for man.
ingestion of as little as 1 mg of the purified poison may be fatal."-1
Because there is no known antidote, working with the concentrated material
is not altogether without hazard.

Heating the poison in an autoclave at 20 psig (121 C) for 24 hours
has no effect on its toxicity. The neutralizing effect of chemicals has
not beeii thoroughly studied, although Brazis et al.;3 evaluated the
stability of the poison in the presence of chlorine dioxide and free
available chlorine. They found that more than 93% of the poison (4.7
mg/liter) was destroyed within 2 hours, but free available chlorine had
no effect.

The present study is an attempt to find a practical decontaminating
agent for use in the laboratory chat will neutralize the poison upon
contact. Eleven common chemical disinfectants were tested.

II. MATERTALS AND MTHODS

A. TEST CHEMICALS

1) Sodium hydroxide (NaOH) at 0.01, 0.05, and 0.3%
2) Sodium hypochlorite (NaOCI) at various concentrations
3) Calcium hypochlorite [Ca(OCI) 2 ] at various concentrations
4) Iodine (12) at 0.5% in 1.5% KI solution
5) Formaldehyde (HCHO) at 0.5%
6) Beta-propiolactone (BPL) at 1%
7) Roccal it 1%
8) Lysol at 5%
9) Peracetic acid at 1%

10) Potassium permanganate (KT'In0 4 ) at 0.01, 0.05, and 0.1%
11) Ethylene oxide gas at 12 g/ft 3

B. SHELLFISH POISON

Unless otherwise mentioned, the reference standard purified shellfish
poison at 100 ýtg/ml in 0. 1 N CIT containing 20% ethanol was used throughout
the tests. Distilled water was used as the poison diluent. The poison
was originally isolated from Alaska butter clams by Dr. Schantz.

* This report should not be used as a literature citation in material to
be published in the open literature. Readers interested in referencing
the information contained herein should contact the author to
ascertain ,hen and where it may appear in citable form.
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C. EXPERIMENTAL PROCEDURES

The method for testing each disinfectant against the shellfish poison
was essentially the same. A known amount of disinfectant at a known con-
centration was allowed to react with a known amount of poison for a certain
time. In discussing results, this mixture hereafter is referred to as the
"test solution(s)." The ratio of disinfectant to shellfish poison was
either 9:1 or 1:1 by volume, and the exposure time varied from 1 minute
to 1 hours, depending on the chemical being tested. At the end of the
exposure period, the disinfectant was neutralized if possible. Then the
final solution was adjusted to pH 3.0 with the 1.0 or 5.0 N HC1, and 0.4
ml of this acidified solution was inoculated intraperitoneally into mice
(18 to 22 g). Because one mouse unit* is equal to 0.183 pg of purified
shellfish poison, with a ratio of disinfectant to shellfish poison of
9:1, an inoculum of 0.4 ml contained 4 pg of poison or 22 mouse units.
At a 1:1 ratio, 0.4 ml of the inoculum contained 20 ýig of poison or 109
mouse units. Reduction of toxicity of the poison was based on the number
of mouse units present in the inoculum. Four mice were inoculated per
test. Survival of the inoculated mice was considered an indication that
the poison was inactivated. Details of the tests with each disinfectant
are described separately. Unless otherwise mentioned, all tests were
coractrtd at room temperature (25 C).

III. EXPERIMENTS WITH TEST CHEMICALS

A. SODIUM HYDROXIDE

1. Test Procedure

Into a 100-ml beaker containing 9 ml of the 0.01% NaOH solution,
1.0 ml of the diluted (10 ig/ml) shellfish poison was added and mixed
thoroughly. The mixture was allowed to react for 1, 4, or 24 hours.
Then 2-m! aliquots of the mixture were pipetted out and neutralized drop-
wise with 5 N Wfl to pH 3.0. The acidified solution was inoculated into
the mice.

A volume of 10 ml of the 0.01% NaOH solution acidified to pH 3.0
was used as the NaOH controls. For the poison controls, a 1:99 dilution
of the poison was used.

Similar tests were conducted with the 0.05 and 0.3% NaOH solutions.

_,ou~se unit is defined as the amount of poison that will kill a 20-g
_ in 15 minutes.
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2. Resu lts

Results are given in Table 1. From the median death time of the
mice, the number of mouse units contained in the inoculum was Oetermined
from Sommer's tables. These tables are based on graphs recorded in the
literature4 and are also found in the interim plan issued by the Public
Health Service. 5 The tables provide the death-time:mcuse-unit relation-
ships for paralytic shellfish poison. In terms of mouse units, it was
calclulated that approximataly 53% of the poison was destroyed by the 0.3%
Na)H solution in 24 hours. The results tend to confirm the finding by
Schantz et al.,s who noticed a slow decomposition of the poison when
purificaticn was carried out in alkaline solutions, especially at pH
values greter than 8 or 9.

TABLE 1. EFFECT OF NaOH ON SHELIJFISH POISO-a/

Approx. Contact
pH of Time, Mortalit Poison Inactivation,

NaC-H, % Mixture hours of Mice- Conchc/ %

0.01 9.2 1 4/4 (4:18) 5.80 2
0.01 9.2 4 4/4 (4:40) 5.20 12
0.01 9.2 24 4/4 (4:20) 5.65 4
0.05 11.5 1 4/4 (4:42) 5.02 15
0.05 11.5 4 4/4 (4:40) 5.20 12
0.05 11.5 24 4/4 (4:40) 5.20 12
0.3 12.3 1 4/4 (4:08) 5.80 2
0.3 12.3 4 4/4 (4:21) 5.65 4
0.3 12.3 24 4/4 (10:15) 2.75 53
0.01 Control 0/4
0.05 Control 0/4
0.3 Contrcl 0/4
Shellfish poison control 4/4 (4.12)

(1:99 dilution)

a. Concentration of shellfish poison in test solution was calculated to
be 5.90 mouse Lnits/ml prior to the test.

b. Number dead/number tested (average mirutes:seconds to death).
c. Concentration of shellfish poison in test solution after test,

mouse unit/ml.

In one of their studies on the chemical properties of the shellfish
poi.son, Schantz and his co-workers' also noticed that the poison was slowly
oxidized by exposure to air in alkaline solution. By ultraviolet absorp-
"tion, these investigators followed the reaction to its completion. They
found that, with 1 N (4%) NaOH solution, 4 days were required for the
reaction to be completed when 0.5 ml of the poison (4.31 mg/ml) was mixed
with 9.5 ml of the alkaline solution at room temperature. Six days were
needed if 0.5 N (2%) or 0.25 N (1%) were used.



B. SODIUM HYPOCHLORITE

The NaOCI used in these tests* contains 10% NaOC! by weight. Chemical
analysis indicated that it contained 10% available chlorine at the time of
the test. The hypochlorite was stored at 4 C to retard decomposition. A
fresh solution was prepared for each test. Freshly prepared solutions of
sodium thiosulfate (Na 2 S20 3 .5H 2 0) at various concentrations we-s used as
the NaOCl neutralizer.

1. Experiment 1 with Sodium Hypochlorite

a. Test Procedure

One milliliter of the shellfish poison was added to 9 ml of
0.5% NaOCl solution in a test tube. The solutions were mixed thoroughly.
After 15, 30, and 60 minutes, 2-ml aliquots of the mixture were removed
and neutralized with 0.2 ml of 10% Na2 S 203 .5H 20 solution. The neutralized
solution was acidified to pH 3.0 with 1 N HCI before injecting into the
mice.

Twc milliliters of the 0.5% NaOCl solution neutralized with
0.2 ml of the 10% Na2 S2 03 "5H 20 were used as the NaOCI control. Two
milliliters of the 1:9 dilution of the shellfish poison treated similarly
with the 10% Na2S20 3 .5H20 were used as the poison control.

b. Results

None of the mice died from either the test solutions or from
the NaOCI controls. All the mice from the poison-control group died, and
the median death time of I minute and 40 seconds indicated a 55% loss of
toxicity of the poison. This loss is probably due to the salt effect of
the Na2 S2 03 .511 2 0 solutLon. Schantz et al., 8 who studied this salt effect,
found that the presence 6f NaCl in the reference standard at 0.5 and 1.0%
lowered the recovery of the poison to 69 and 55%, respectively. Wiberg
and Stephensun, 9 in their toxicologic studies on paralytic shellfish poison,
found that the toxicity of the poison in mice is lowered by the presence of
NaCl in the injection medium.

2. Experiment 2 with Sodium Hypochlorite

a. Test Procedure

The results of the first experiment indicated that a rapid and
complete neutralization might be obtained with a higher relative concentra-
tion of NaOl!. To determine the optimum mixture, a series of tests was
conducted using concentrations of NaOCI solutions ranging from 0.001 to
0.05%. Two sets of tests were conducted: one set with a ratio of NaOCI
to shellfish poison of 9:1 (v/v) and another with a ratio of NaOCI to
shellfish poison of 1:1 (v/v). In the latter set of tests, S ml of the

, oVr.factured by Du-tRite Chemical Co., 3800 37th Place, Brentwood,
Mar!Land 207 22.
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poison and 3 ml of the desired NaOCl solution were used per test. The
contact times in these tests were 1, 15, and 30 minutes. The amounts
and concentrations of Na2S203 5H7 0 solution used to neutralize the
various concentrations of NaOCl solutiors were adjusted according to
the concentration of the NaOCl in each test. Solutions of NaOCI at 0.005
and 0.05% neutralized withi the Na2 S2 03.5H 20 solutions were used as the
NaOC1 controls. Shellfish poison diluted with distilled water at 9:1
and 1:1 dilutions treated similarly with the thioculfate solutions were
used as the poison control. J

b. Results

The results of these two sets of tests (Table 2) show that
NaOCl at concentrations of 0.003 and 0.03% inactivated 10 and 100 Pg of
shellfish poison, respectively. None of the concentrations of Na2 32 03 -SH 2 0
used in these tests affected the toxtcity of the shellfish poison.|

3. Experiment 3 with Sodiurr Hypochlorite

a. Test Procedure

To trace the end point of inactivation a little further,
another set of tests was conducted using solutions of NaOCI between 0.025
and 0.037- The ratio of NaOCl to shellfish poison was 1:1 (v/v) and the
contact time 15 minutes. Only one contact time was studied in order to
conserve the poison supply.

b. Results

Results appear in Table 3. Complete inactivation of the poison
was not achieved in 15 minutes when the concentration of NaOCI was below
0.03%. However, in one rest ir which the contact time was increased to
30 minutes with the 0.029% NaOCI solution, none of the inoculated mice
died, but th mice ramained Ill for 4 ho.irs i mediattey after the ,nocul,•a
ison. These tests inlicated that the threshold for complete inactivation

lies between the 0.029 and the 0.03% NaOCI solutions.

4. Experiment 4 with Sodium HypochInrite

a. Test Procedure

On the oasis of preceding results, it appeared that the minimum
concentration of NaOC1 needed for complete inactivation under the above
test conditions was 3 ppm/ig of poison. To prove the validity of these
findings. anothvr set of tests was conducted based on the 3:1 ratio
(3 ppm/4g). Solutions of shellfish poison and of NaOC1 were prepared In
various concentrations so that, when the two solutions were mixed together
at a ratio of 1:1 (v/v), they contained 3 ppm of NaOCl/gg of shellfish
poison.
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TABLE 3. INACrIVATION OF SHELLFISH P01ON WITH NaOCI;
RATIO OF NaOCi TO SHELLFISH POISON1 1:1 (v/v);

CONTACT TIME, 15 MINUTES

Approx.
NaOCI, pH of Mortailit Poiso Inactivation,

Z Mixture of Mice- Concn-

0.025 4.5 4/4 (1:00) 273 0
0.026 4.5 4/4 (1:45) 26 90
0.027 4.5 4/4 (3:50) 6.6 97
0.028 4.5 4/4 (4:15) 5.8 98
0.029 4.5 4/4 (7:00) 3.5 99
0.03 5,0 0/4 0 100

a. Concentration of shellfish poison in test solution was
calculated to be 273 mouse units/ml prior to the test.

b. Number dead!nuaber tested (average minutes:seconds to death).
c. Concentration of shellfish poison in test solution after the

test, mouse unit/ml.

In this particular series of tests, the shellfish poison was
condensed to half its volume to obtain a concentration of 200 pg/ml. The
condensation was accomplished by evaporation. A beaker containing 10 ml
of the poison was placed in a ventilated cabinet; the contents were
allowed to evaporate at room temperature to half the original volume. The
blower was turned on to facilitate evaporation. The condensed shellfish
poison wa3 diluted with distilled water to the desired concentration.
Mouse assay of the condensed poison indicated that the toxicity was not
affected by the evaporation process.

b. Reaults (I

Results are shown in Table 4. These tests clearly demonstrated
that a complete neutralization of the shellfish poison occurred under the
above test conditions as long as the concentration of NOC1 was maintained
ot 3 ppum/ag of poison. Furthermore, the amount of NaOCI required to
neutralize a given amount of poison is directly proportional to the
concentration of the poison.

5. Experiment 5 with Sodium Hypochlorite

a. Test Procedure I
To determine the effect of-Y,-4'tEmperature on the efficacy of

the hypochlorite. another set of tests was conducted at 4 C. The procedure
was similar to that previously described with the exception that the reactio
between NaOCl and shellfish poison was carried out at 4 C. Both solutions
were cooled t, 4 C before mixing, and the contact times were 15 and 30
minutes. Two sets of tests were conducted 'with ri*os of NaOCI to shellfish
poison of 9:1 and 1:1 (v/v).

| g.
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TABLE 4. INACTIVATION OF SHELLFISH POISON WITH NaOC1;a/ RATIO
OF NaOCI TO SHELLFISH POISON 11' (-/.•;

CONTACT TIME, 15 MINUTES

Poison Approx.
NaOC1, Concn, pH of Mortality Poison Poison Inactivation,

% g/ml Mixture of Mice-b ConcnC/ Conci•/ o.

0.006 20 4.0 0/4 54.6 0 100
0.017 40 4.0 0/4 109.2 0 100
0.018 60 4.5 0/4 163.8 0 100
0. 024 80 4.5 0/4 218.4 0 100
0.03 100 5.0 0/4 273.0 0 100
0.1036 120 5.0 0/4 327.6 0 100
0.042 140 5.0 0/4 382.2 0 100
0.048 160 5.0 0/4 438.8 0 100
0.054 isO 5.0 0/4 491.4 0 i00
0.06 200 5.0 0/4 546ý0 0 100

a. Concentrations of NaOC1 and poison were based on the 3:1 ratio
(3 ppn4gg).

b. Number dead/number eited (average minutes:s€conds to death).-
c. Initial concentration of shellfish poison in test solution, mouse

unit/al.
d. Z'tnal concentration of shellfish poison in test colution, mouse

unL Icla.

b. Pesults

As summarized in Table 5, this experiment showed that a minimum
of 4 opm of NaOCI wan vrant4r.dA tc -. ,,li•4. I .... pci€ • at 4 C. Tabla 5
shows that, at 4 C, complete inactivation of che poison did not occur in a
test solution containing 3 ppm of NaOC1/iLg of poison, even though the contact
time was extended to 30 minutes.

6. Experiment 6 with Sodium Hypochlorite

a. Test Procedure

A test procedure similar to that described earlier in this report
wa& jsed Lu conduct another set of tests with NaOCI in the presence of
sodium hydroxide (NaOH) solutions to determine the alkaline effect on the
hypochlorite. The ratio of NaOCI to shellfish poison was 9:1 (v/v), and
the contact times were 15 and 30 minutes. The alkaline solutions used in
these tests were 0.01, 0.005, and 0.001% NaOH with pH values of 10.7,
10.4, and 9.7, respectively. The NaOCl was diluted with the above
alkaline solutions to a desired concentration.

4i



II:! 13 f
0 4'0

n4 0a c 0

4~s 02 0 0 0 0

o-i o.' o1 o 0 0nI

SV, 0.

CID . 0 0 P 0 0

0a. 44 1.4S

0.0 o 0-

44 .0- cna00 1

41

0 000 0 43

0 b..44

0 0 .- 0

.4
0

N 4 4 4" Z 0

U3 #j..v



14

b. Results

Table 6 shows that Na H had a marked effect on tie efficacv of
the hypoehlorite. A test solution containing 2 ppm of NaOCl was sufficient
to neutralize 1 pg of poison when the solution contained 0.001% NaOH. When
the N•aOH was increased to 0.005%, a concentration of 1 ppm of NaOCI was
sufficient to achieve complete neutraltzation.

C. CALCIUM HYPOCHLCRITE

The Ca(OCl) used in these tests* contains 70% Ca(OCl)2 and 30% inert
inpredients. T&e percentage of Ca(OCI) 2 used in these tests was calculated
or. t'he 70% base. A stock solution of 0.7% was prcpared and stored at 4 C.
Chemical analysis of the Ca(OCl) 2 at 0.7% indicated that it contained 0.67.
available chlorine. Distilled water was used to dilute the chemical to a
desired concentration. A freshly prepared solution was used for each test.

Solutions of Na2 S203.5V0 at various concentrations were used as the
Ca(OCl) 2 neutrariser.

1. Test Procedure

In this series of tests, attempts were made to compare the efficacy
of Ca(OCI) 2 with that of NaOC1 on the shellfish poison. For this reason
the procedure used for the Ca(OCl) 2 tests was similar to that of the NaOC1
tests. Tests were conducted at 4 and 25 C and in the pre3ence of alkaline
solutions.

2. Results

Ths results summarized in Tables 7 to 9 showed that 1 .Ig of poison
was destroyed by this chemical at concentrations of 3 po.a at room temperature
(25 C) aad 4 ppm at 4 c. with the presence o.. an. ka• a I - of poiso
was neutraiized by this chemical at concentrations of 2 ppm when the test
solution contained 0.001% V20H and of I ppm when the concentration of NaOH
was 0.005%.

Tables 10 and 11 show that the efficacy of Ca(OC1) 2 as a poison
neutralizer is comparable to that of NaOC1 in all respects.

D. IODINE. FORMALDEHYDE. BETA-PqOPIOLACTONE; ROr.CAl.. LYSOL. AN• PERACETTC
ACID

1. Test Procedure

Into a test tube that contained 5.4 nl of the disinfectant, 0.6 ml
of the shellfish poison was added and mixed thoroughly. After 15, 30, and
60 minutes, 2 ml of the test solution were removed and acidified to pH 3.0
with the I N or 5 N IWl before injection into the mice.

SProduced by Omega Chemical Corp., New York 17, N.Y.
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TABLE 7. INACTIVATION OF SHELLFISH POISON WITH Ca(OCX) 2 ;
RATIO OF Ca(OCl) 2 TO SHELLFISH POISON,-21 9:1 (v/v)

Approx. Contact
Ca(OC1) 2 , piH of Time, Temp. Morralily Poison Inactivation,

%. Mixture minutes C of Mice- Conens- %

0.004 4.5 15 25 0/4 0 100
0.003 4.5 15 25 0/4 1 JOn
0.002 4.5 15 25 4/4 (2:46) 10.6 G4
0.004 4.5 30 25 0/4 0 100

0.0 ,o 25 0/4 0 100
0.002 4.5 30 25 4/4 (3:37) 7.2 89
0.004 4.5 15 4 0/4 0 100
0.003 4.5 15 4 4/4 (4:00) 6.2 90
0.004 4.5 30 4 0/4 0 100
0.003 4.5 30 4 4/4 (4:07) 6.1 91
0.004 Control 25 0/4
Shellfish poison control 25 4/4 (1:20)

(1:9 dilution)

a. Concentration of shellfish poison in test solution was calculated to be
66 souse units/al prior to the test.

b. Number dead/number tested (average minutea:ieconds to death).
c. Concentration of shellfish poison in test solution after the test,

mouse unit/ml.

TABLE 8. TNACTIVATION OF SHELLFISH POISON WITH Ca(OCl) 2 ;
RATIO OF Ca(OC1)2 TO SHELLFISH POISONa! 1:1 (v/v)

Approx. Contact
O.,A..LJ. ru rJ Tii. Temp. Ho r La1i L fuoli InAcjvtiVat oT,

Z Mixture minutes C of M Concnc/ %

0.04 4.5 15 25 0/4 0 100
0.03 4.5 15 25 0/4 0 100
0.02 4.5 15 25 4/4 (3:10) 8.6 97
0.04 4.5 30 25 0/4 0 100
0.03 4.5 30 25 0/4 0 100
0.02 4.5 30 25 4/4 (5:20) 4.5 98
00 4A 11; 4L A //A n
0.03 4.5 15 4 0/4 (ill for 0 100

4 hr)
0.04 Control 25 0/4
Shellfish poison control 25 4/4 (1:00)

(1: 1 dilution)

a. Concentration of shellfish poison in test solution was calculated to be
273 mouse units/ml prior to the test.

b. Number dead/number tested (average minutes:seconda to death).
c. Concer'ration of shelAfish poison in test solution after the test,

mouse nit/ml.
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Tn the 12 test, 0.2 ml of the 10% Na 2S 2J 3 *5H 20 was used as thb 12
n-utralizer. rnt the Ro;cqaI Lest, the rear solution was neutralized w-vth
0.2 ml of a 10% Tamol N solution (Tamol N ia a neutral salt of a condensed
aryl sultonic acid). In the peracatic acid test, 2 drors of DMnO4 (37.)
and 0.2 ml of the '07% Na2S203riH20 weru added to the test solution before
adjusting it to ph 3.0 and inoculating it into mice.

Three sets of controib were used in these ýeats. One group of
mice was inoculated with 0.4 ml of the disinfectant to serve as the
dintnfectant control; anotlher group of mice was inoculated with 0.4 ml of
the 1:9 dilution -f the poison to use an the poison control. The third
group of mice was inoculated with the 1:9 dilution of the poison that was
similarly treated with the disinfectant neutralizer. The results of these
tests are mhoin in Table 12.

2. Results

Data fro.. the controls indicated that 47% of the toxicity of the
poison wad destroyed by the 12 neutralizer; 82% of the toxicity was
destroyed by the Roccal neutrelizer; M57. of the toxicity was destroyed
by the peracetic acid neutralizers. This loss of toxicity was probably
due to the salt effect of the Tamol I1 and the thiosulfate soluitions.
When the poison was treated with the peracetic acid neutralizers, the
oxidizing action of the Mi*," might have caused most of the poison
destruction. For this reason, a test with 1Mn04 was conducted.

E. POTAS61UM ?ERW NGANATE

1. Test Procedure

Two-tenths milliliter of the sheollfih nn4,n•n twea n4AadA tea t-an..

tube that contained 1.8 ml of the 0.17. KMnO4 solution. After 15 minutes
of contact time, the test solution was acidified with 5 N HCl &-o pH 3.0,
and 0.4 ml of the solutior was inoculated into the mice. The same pro-
cedure was repeated with the 0.05 and 0.01% 0nO4 solutions.

2. Resu Its

From Table 13 it 1.i apparent that the poison was corpletely
oeutr,1ized with the 0.1% KMnO4 solution. The fact that all the mice
,-xjtted with the test solutim, containing 0.05-47 KnO4 (ad not die but

were ill for 4 hours indicated that the end point fo- complet\! inactivation
lies between tht 0.05 and the 0.1% KFnO4 concentrations. Further study
or the inactivaLion of shellfish poison with MnO4 was not possible because
of the lack of shellfish poison.

.........----.- - -*-.--- --- ---- *r -
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TABLE 13. INACTIVATION OF SHELLFISH POISONg! WITH 0MnO4 ; RATIO OF KMn04
TO SHELLFISH POISON 9:1; CONTACT TIME, 1.5 MINUTES

Approx.
KMn0 4 , pH of Mortality Poison Inactivation,

SMixture of Miceb7  Concni/ 7.

0.1 5.0 0/4 0 100
0.05 4.5 0/4 (ill for 0 100

4 hr)
0.01 4.0 4/4 (1:41) 30 46
0.1 Control 0/4
Shellfish poison control 4/4 (1:20)

(1:9 dilution)

a. Concentration of shellfish poison in test solution was calculated
to be 66 mouse units/ml prior to the test.

b. Number of deaths/number tested (average minutes:seconds to death).
c. Concentration of shellfish poison in test solution after the test,

mouse unit/ml.

F. ETHYLENE OXIDE

1. Test Procedure

Two 30-ml beakers, one containing 0.5 ml of shellfish poison and
the other 0.5 ml of distilled water, were placed into a carboxyclave. The
distilled water served as the ethylene oxide control. A vacuum was drawn
until the pressure in the carboxyclave was down to -17 pounds. Then a
cn cf eth-nie o4-.de f.tr (a. g) ',onnainina 12% ethylene oxide. 44%
dichlorudifluoromethane, and 44% trichlorofluoromethane was introduced
into the carboxyclave. The concentration of ethylene oxide inside the
chamber was approximately 12 g/ft 3 . The shellfish poison and the distilled
water were exposed to these gases for 16 hours. At the end of the exposure
period, the beakers were removed from the carboxyclave and exposed to the
air for 24 hours to allow evaporation of ethylene oxide from the beakers.
Because all the iiquids in the beakers were evaporated, 5 ml distilled
water were added to each beaker to reconstitute the solution. The 7olu-
tions were shaken thoroughly and adjusted to PH 3.0 with I N HC1 before

inoculating into mice. Four mice inoculated with 0.4 ml vf tht 1±9dilution of the shellfish poison were used as the shellfish poison controls.

2. Results

None of the ethylene oxide control mice died. All mice inoculated
with the shellfish poison that was exposed to the ethylene oxide died in
1 minute 29 seconds, indicating that 38% of the poison was inactivated by
this chemical. All the shellfish poison control mice died in 1 minute
20 seconds.

".1. -
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G. COMPARATIVE EFFECT OF TEST CIMEHICAIS

The comparative effect of all the test chemicals on shellfish poison 4
is given in Table 14. The chemicals are listed in dewce-ding order of
effectiveness.

Table 14 shows that, of the chemicals tested, calcium hypochlorite,
sodium hypochlorite, and potassium permanganate were the most effective
in neutralizing the toxicity of the poison. Both calcium hypochlorite and
sodium hypochlorite were 100% effective at concentrations of 0.003%.
Potassium permanganate was effective at 0.05%. Sodium hydroxide was
effective at 0.3% but required 24 hours to poduce a 537% inactivation.
Ethylene oxide at a concentration of 12 g/ft was 38% effective after 16
hours. After 1 hour of exposure, beta-propLolactone was 22% effective at
1%. Lysol was 16% effective at 5%. Formaldehyde was 9% effective at
0.5%. Iodine wan 7% effective at 0.5%. Peracetic acid was 5% effective
at 1%. Roccal at a 1% concentratiot had no effect on the poison.

TABLE 14. COMPARATIVE EFFECT OF TEST CHMCALS ON SHELLFISH POISON;
RATIO OF CHMICAL TO POISON, 9:1 (v/v)

Conch of Contact
Chemical, Concn of Poison, Time, Inact.,

chemical %. mouse unit/ml minutes %.

t Calcium hypochlorite 0.003 66 15 100

Sodium hypochlorite 0.003 66 15 100
Potassium p--rmanganate 0.05 66 15 100 iSodium hydroxide 0. 3 5.9 1,440 53
Ethylene oxide 12.0 (g/ft3) 66 960 38

SBtavrot•t,•-, eI. IV 66 •^22Lysodi 5.0 66 60 16

Formaldehyde 0.5 66 60 9
Iodine 0.5 66 60 7
Peracetic acid 1.0 66 s0 5
Roccal 1.0 66 60 0

A
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IV. DISCUSSION

The chouistry of shellfish poison has been studied extensively by

Schantz, Mold, McFarren, aud their co-workers. Studies by Schantz et al.7
have shown that the poison can be destroyed either by oxidation or reduction.
By using hydrogen gas as a reducing agent in the presence of a platinum
catalyst (Mold et al.), and Ba(OH) 2 exposed to the oxygen of the air
(Winterstein6r et al.), other investigators demonstrated that the destruc-
tion of shellfish poison was directly proportional to the H2 or 02 uptake.

Because the poison is susceptible to oxidation, it is not too surprising
to find that it is inactivated with NaOCl, Ca(OCI) 2 , or M04nO because all
these chemicals are strong oxidizing agents. Through the process of oxida-
tion, the poison molecule is broken up into fragments and becomes nontoxic.
Products such as guanidopropionic acid, urea, ammonia, carhon dioxide, and
guanidine were isolated and identified by Schantz at al. 7 when the poisonwas treated with periodate and permanganate or strong acid hydrolysis.

It is interesting to note that Ca(OC1) 2, even though it contains 15%
less free available chlorine than NaOC1 at any given concentration, is
just as effective against the shellfish poison as NaOCl under any of the
above test conditions. This fact suggests that the amount of free avail-
able chlorine present in che hypochlorite has little or no effect on the
shellfish poison, but rather it is the amount of available oxygen in the
hypochlorite that plays a vital role in the destruction of the shellfish
poison. Brazis and co-workers3 also found that free available chlcrine
at 2 mg per liter had little or no effect on tIe' toxicity of the shellfish
poison when 4.7 mg of shellfish poison were exposed to this concentration
of free available chlorine at pH 7.0 and 25 C for 2 hours.

Both sodium hypochlorite and calcium hypochlorite are effective as
shellfish poison neutralzers at 25 and 4 C. Jones, Hoffman, and Phillips10

have also shown that NaOCl remains very effective as a disinfectant against
hsilikm subtilis var. nLaer spores, even at subzero temperatures. At 25 C.,
a minimum concentration of 3 ppm of sodium hypochlorite or calcium hypo-
chlorite is required to neutralize 1 gg of shellfish poison in 15 minutes.
Furthermore, the amount of hypochlorite required to neutralize a given
amount of shellfish poison is directly proportional to the concentration
of the poison (Table 4). Instantaneous Inactivation could occur if a
higher concentration of hypochlorite were used.

At 4 C, the amount of hypochlorite required to inactivate 1 pg Cf
.shellfish poison appears to be 4 ppm.

The presence of alkali in the hypochlorite solution tends to enhance
the effectiveness of this disinfectant. A concentration of 1 ppm is
sufficient to neutralise I pg of shellfish poison if the hypochlorite is
prepared in 0.005% NaOH solution or 2 ppm if it is prepared in 0.001% NaOe.

KMO 4 is not as effective as hypochlorite. It requires approximately
50 ppm to neutralize I pg of shellfish poison.



I
23

Both sodium hypochlorte and calcium hypochlorit: are approximat:ely 17
Stimes an effective as potassium permanganate.

| Other disinfectants such as sodium hydroxide, ethylene oxide, beta-
S~propiolactcne, Lysol, formaldehyde, iodine, perac~t~c acid, and Roccal
i ~are not as effective as the hypochlorites and the potassitum perimngawate.
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iodine, peracetic acij', and Roccal were not as effective as the hypochloriceet
and the permanganate.
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